Background: Individuals with cancer are at an increased risk of venous thromboembolism (VTE). There is a continued increased risk of recurrent VTE after the initial event as well as increased bleed risk related to VTE treatment.
In the United States, prevention and treatment of VTE in patients with cancer is addressed in American Society of Clinical Oncology guidelines. 12 These guidelines recommend the use of low molecular weight heparins (LMWHs, dalteparin, enoxaparin, tinzaparin) for the initial and long term treatment of VTE for this population. Warfarin is only recommended when LMWHs are contraindicated or limited in use because of cost or other factors including perceived intolerance. 13 In fact, LMWHs have been shown to outperform warfarin in randomized controlled trials and have further benefit in having weight based dosing, fewer drug and food interactions, little monitoring throughout treatment, and maintain positive patient preference despite being an injectable. 8, [14] [15] [16] [17] However, real-world evidence shows that warfarin is used for a vast majority of cases. 18, 19 In addition to anticoagulation therapy, vena cava (VC) filters are commonly utilized in the oncology patient population despite no survival benefit and excess risk compared to other treatment modalities. 20 Individuals who have had a VTE remain at high risk of experiencing a recurrent VTE event and have high rates of bleeding. 11, 21 Recurrent VTE has been reported as high as 21% and bleeding rates as high as 12.4% in cancer patients. 22 Risk factors related to recurrent VTE and adverse bleeding events include tumor site and histology, presence of metastases, age, and certain biomarker or laboratory findings as well as choice of anticoagulant therapy for acute treatment and long-term secondary prophylaxis. [23] [24] [25] [26] To our knowledge, no studies have identified risk factors related to recurrent VTE, bleeding, and mortality related to geriatric patients experiencing a cancer-associated VTE. Treatment will be observed for individuals treated with LMWHs, warfarin, VC filters, or who are untreated in a cohort of oncology patients in a large administrative claims database. Demographic and clinical variables associated with each of these three competing outcomes will also be explored.
MATERIALS AND METHODS

Data Source and Cohort Identification
This retrospective cohort study used an extract from a large administrative claims database comprised of 1.4 million unique lives with Humana Medicare Advantage medical and pharmacy benefits from 2007 to 2009. The data included inpatient and outpatient medical encounters with procedural codes and diagnoses fields, filled prescription medication claims, and demographic and insurance coverage information linked at the individual level.
The data extract required that an individual have a diagnosis for a malignant neoplasm (104.xx-208.xx) and a DVT (451.xx, 453.xx) or a PE (415.1x) using ICD-9-CM codes for primary diagnosis fields. The earliest date of diagnosis with a DVT or PE was confirmed where at least one claim had a primary diagnosis of DVT or PE and a specific imaging study indicated by diagnostic procedure codes (Appendix). 27 Individuals were excluded if their initial VTE event occurred before their cancer diagnosis or if they were less than 65 years of age at cancer diagnosis. The remaining cohort was required to have at least 180 days of continuous medical and pharmacy coverage during the pre-index period. The 180-day pre-index period was used to assess clinical characteristics including comorbidities and cancer treatment patterns preceding the index event. Lastly, individuals receiving anticoagulant treatment during the 30 days preceding their index event were excluded to ensure that temporality with diagnosis and treatment and to identify treatment naïve patients.
Cohort Characteristics
Individual demographics and insurance coverage were determined during the pre-index period. Age was categorized 65-69, 70-74, and 75 or older. Race was categorized white, black, and other/unknown. Region was categorized by census regions including South, Midwest, West, and North. Insurance coverage was based on product type (fee-for-service, FFS; health maintenance organization, HMO; or preferred provider organization, PPO).
Tumor site was specified by ICD-9-CM codes including prostate, breast, lung, lymphoma, colon, kidney, pancreas, brain, liver, ovarian, and others. Claims data are limited so that tumor staging is not available. Metastases of the lymph nodes, respiratory, digestive, and other sites were identified using ICD-9-CM codes (195.xx-199. xx). Comorbidities were based on the Charlson Comorbidity Index using the ICD-9-CM coding algorithms by Quan et al. and recorded as a continuous weighted score and categorized by quartiles. 28 Other comorbidities and clinical characteristics were identified by ICD-9-CM codes available in Appendix A and were classified as binary variables.
Medications of interest were identified using Generic Product Identifier (GPI) codes or Healthcare Common Procedure Coding System (HCPCS) codes. Placement of VC filters was identified by procedural codes in the medical claims. VTE treatment choice was determined within the 21 days preceding the index event and was recorded as the last outpatient anticoagulation used to allow for the possibility of bridge therapy or treatment changes. The timing of chemotherapy or radiation therapy was categorized based on its relative timing during the pre-index period to the clotting event as occurring within 30 days, between 31 and 90 days, 91-180 days, or unobserved during the pre-index period using a combination of procedural and medication codes within both the medical and pharmaceutical claims.
Inverse Probability of Treatment Weight
A multinomial logistic regression model was estimated for treatment choice predicting the probability of each subject to receive warfarin, a LMWH, a VC filter, a VC filter and anticoagulation, or no treatment. All pre-index subject characteristics deemed by the clinical team to be potential predictors of treatment choice as well as related to the outcomes of interest were included. For each subject receiving a particular treatment, the inverse of the probability of receiving that treatment was used to create an inverse probability of treatment weight (IPTW) for each subject. IPTW is a variant of propensity score methods that can be used to weight a regression analysis and has strengths in that no matching or stratification are required thus no reduction in sample size. 29, 30 Treatment group comparisons and the performance of the IPTW method were assessed using standardized differences between the groups where a value of >0.10 is considered significant.
Recurrent VTE, Major Bleeds, and Mortality
Subjects were followed from the index date for up to 180 days or until: 1) they experienced a recurrent VTE; 2) they experienced a major bleed; 3) they died; or 4) they were lost to follow-up due to end of the study period or end of eligibility. The earliest of these events was considered the event of interest. In the case where a death occurred on the same date as one of the other events, that outcome was noted as a death. Recurrent VTE were classified using the same coding algorithm as index event identification and required: a primary diagnosis of a DVT or PE with a specific diagnostic imaging study at least one day after the index event. This was done to help mitigate the chance of the initial event being recoded on a medical management claim as it is unlikely that additional imaging would be required for the index event. Major bleeding events were classified by an algorithm developed by Fang et al. considering a primary diagnosis of intracranial hemorrhage or a bleed requiring a hospitalization or emergency department visit. 31 A competing risks, time-to-event analysis was performed taking into account the interdependence of the outcome events and producing a cumulative incidence function (CIF) for each outcome. This approach allowed for multivariable analyses with cause-specific coefficient estimates of the predictors for each outcome. Further, competing risks regression allows for the use of the IPTW detailed above so that better direct comparisons could be made between treatment options. We computed the overall CIF for the cohort for each outcome as well as each outcome separately stratified by the treatment received. We fitted a competing risks regression model and included the baseline variables of interest that may still be predictive of outcome events even after IPTW weighting. Hazard ratios and 95% confidence intervals of these final variables are reported.
Data management and analysis was conducted using SAS 9.4 (SAS Institute, Cary, NC) and the manuscript was drafted adhering to the STROBE Statement guidelines for reporting observational studies. The use of deidentified, Humana administrative claims database was approved by the University of Kentucky Institutional Review Board.
RESULTS
Characteristics of Treatment Groups
A total of 12,965 subjects met the inclusion and exclusion criteria. Nearly two-thirds of the index events were lower DVTs, 25.6% were PEs, and 8.7% were upper DVTs. Treatment groups, assessed in the acute treatment phase included: 30.4% treated with warfarin, 3.5% treated with LMWHs, 4.1% received a VC filter, 4.4% received a VC filter and anticoagulation, and 57.5% had no observed treatment. Distribution of the index event type was significant between treatment groups with most (82.3%) of the upper DVT index events untreated compared to 60% of lower DVTs and 42.6% of PEs (data not shown). Treatment groups differed significantly across multiple demographic characteristics including age categories, gender, race, region, plan type, and CCI score as well as comorbidities and tumor sites. Baseline demographic and clinical characteristic comparisons between the treatment groups are summarized in Table 1 .
IPTW weighting
An IPTW was calculated for each individual based on the probability of receiving each treatment based on the covariates included in Table 1 . The IPTW performed well when used to reweight the population to balance between the covariates. The standardized differences were compared and are shown in Appendix B relative to the warfarin group. Although the IPTW balanced well across all groups, some group-to-group comparisons included significant standardized differences (>0.10) showing the need for some further adjustment in outcome models. *Comparisons between groups significant at p<0.001 Figure 1 graphs the CIF of each outcome by treatment group. The CIF curves differed significantly across treatment groups and overall group comparisons by Gray's method were significant at p<0.001. Three models were estimated including an unweighted, treatment-only model, a IPTW weighted treatment-only model, and an IPTW weighted model including covariates which were not balanced by the IPTW method or that were thought to potentially have residual impact on the outcomes of interest. Table 2 details the outcome-specific HRs and 95% CIs for each treatment group in the treatment-only models with warfarin as the referent treatment group. Some major differences were observed between the unweighted and weighted models further showing some bias in treatment group assignment. In the weighted analysis, those treated with LMWH had similar hazard of experiencing a recurrent VTE and over 50% reduced hazard of experiencing a major bleed (HR 0.48; 95% CI 0.27-0.85). Those receiving a VC filter or a VC filter with anticoagulation were much more likely than the warfarin group to have both recurrent VTE (80-94% increased hazard) and major bleeds (235-492% increased hazard). The untreated group had lower hazard of experiencing a recurrent VTE and no difference in the hazard of experiencing a major bleed. All treatment groups had higher hazards of death but should be interpreted with caution as will be discussed in more detail in the Discussion section. Table 3 includes the outcome-specific HRs and 95% CIs for the IPTW weighted model which included additional covariates other than treatment group. Further adjustment for these covariates had marginal effects on the point estimates between the treatment groups. Those with an index PE event had an HR=1.83 (95% CI 1.64-2.03) when compared to lower DVT index events. Individuals who had a history of prior bleeding events during the baseline period had over a 150% increased hazard of major bleed events as well as a 20% increase in recurrent VTE. 
DISCUSSION
This study is the first study to our knowledge to assess the incidence of outcome events after an initial cancerassociated VTE in a geriatric oncology population. This population is of particular interest given the increased risk of treatment related complications as well as a high baseline risk of mortality from multiple causes.
Our findings are consistent with previous studies showing a high rate of recurrent VTE and major bleeding after an index VTE which differed across the treatment modality. 18, 19, 22, 23, 32 After balancing the treatment groups on baseline characteristics, we found no differences between warfarin and LMWHs and risk of recurrent VTE but showed that warfarin treated patients had more than twice the hazard of a major bleed. Those receiving a filter had very large increases in all outcome events relative to both LMWH and warfarin. This generally confirms the recommendations made by U.S. clinical practice guidelines which prefer LMWHs over warfarin and only recommend VC filters when other treatments are contraindicated. 33 LMWHs have been shown to have a large incremental cost-effectiveness ratio compared to warfarin 34 as well as perceived patient intolerance and higher pharmacy costs. 13 Nevertheless, oral anticoagulation with warfarin can be difficult in practice given the patient variability in dosing and required monitoring as well as potential drugdrug interactions with chemotherapy, changes in body weight, altered liver or renal function, and unpredictable gastrointestinal absorption due to vomiting or mucositis. 33 These considerations will become more important as novel oral anticoagulants (NOACs; apixaban, rivaroxaban, dabigatran, edoxaban) are beginning to see use in this population and are currently being investigated for efficacy and safety for primary and secondary prophylaxis of cancer-associated VTE. [35] [36] [37] [38] [39] [40] There is likely significant bias in the choice of treatment for a given individual and is shown in our baseline comparisons. Using the IPTW in the regression analysis helps to balance these differences in a way analogous to the randomization process of a randomized controlled trial. However, the IPTW is limited to the logistic regression model specification and may not capture all the bias that is present. We included several demographic and clinical characteristics which could drive the choice of treatment in this population. Important factors which could not be controlled for given the nature of claims data include tumor staging and histology as well as other important clinical history that may contribute to treatment choice or baseline risk of outcome events. However, our study is strengthened by a large sample size which includes some relatively rare cancers, such as multiple myeloma, brain, and renal cancers, that have lacked investigation in previous studies. 7, 41 Of particular interest throughout the conduct of this study is the untreated group which comprised the majority of the identified cohort. This finding is not unique to our study with a recent study of real-world data in another population in the United States reporting a treatment rate of 50%. 35, 42, 43 We hypothesize that this group could consist of several unique profiles of individuals. For one, a proportion of this group may include those that are unfit to receive any treatment given a poor prognosis related to the underlying cancer or the index event. There may also be cases which the index VTE event was considered asymptomatic or not a high priority for treatment based on unobservable patient factors. Further, there may have been some false positive misclassification of index events which met the coding criteria. However, as discussed below in the limitations, the sensitivity and specificity of the algorithm is expected to be >90% given the high risk of events in this population. 27 It would further be expected that misclassification would not necessarily differ between treatment groups and would be evenly distributed among the treatment groups. While some groups have used treatment as confirmation of index VTE events, 44 the inclusion in our study would not impact the direct comparisons made between the other treatment groups and was considered a more thorough analysis.
Lastly, it is possible that other, non-guideline recommended treatments were used or that medications were purchased out-of-pocket or using another insurance benefit. Anywhere from 10-20% of warfarin prescription are purchased through low-cost generic programs in the United States and may contribute to exposure misclassification in this population. 45, 46 
Limitations
Our study is subject to several limitations inherent to claims-based studies. 47, 48 We relied on ICD-9-CM coding available in the claims to diagnose study subjects in addition to requiring the presence of specific imaging modalities to confirm index and recurrent VTE events. It is impossible to confirm a positive diagnosis using these data; however, claims-based coding algorithms for VTE have been shown to perform strongly especially when there is a high risk of VTE in the population. 49, 50 In addition to this validated algorithm, we further required the presence of an imaging procedure specific for diagnosis of VTE events to indicate an event of interest which will have likely increased the specificity of our coding algorithm and insured that a recurrent VTE event was a new event and not management of the previous index event. Further, we considered treatment group assignments based on the pattern of medication use or procedural codes within the first 10 days of the index events and held the treatment group assignment throughout the 180 days follow-up. Realistically, treatment, as well as other factors, may change drastically over the course of the study period. However, the majority of outcome events occurred during the first 30 days post-index where treatment choice and individual factors would generally remain stable. Future work should identify and account for important factors that may vary over time for inclusion in analytic models.
We used a competing risks framework given that the outcome events cannot be considered independent of each other, i.e. experiencing one may preclude experiencing another or one event may cause another. Failure to do so can overestimate survival for traditional Kaplan-Meier based analyses. 41 In this population especially, the competing risk of death is a contribution by many factors including the advanced age of the cohort, having cancer, as well as the risk of death from the other outcome events. 41 Given the nature of the data, we could not assign cause of death in this study. For example, if death was caused by a major bleed or recurrent VTE but not submitted for claims adjudication, the alternative outcome would not be observed. Thus, the findings related to the death should be interpreted with caution. Lastly, our results are from a commercially insured population of individuals with Medicare Advantage plans over the age of 65. Thus, our results may not be generalizable to the general geriatric population but do provide insight into the burden of these outcome events in this population which makes of about 30% of those with Medicare insurance in the United States. 51
CONCLUSION
There is a high rate of recurrent VTE and major bleeding events within 180 days of a cancer-associated VTE. The risk of experiencing these outcomes varied across treatment groups showing no difference between warfarin and LMWHs for recurrent VTE but twice the risk of major bleeding with warfarin. Patients receiving filters were at largely increased risk of all outcome events. These findings are consistent with U.S. clinical practice guidelines which prefer LMWH over warfarin in both the acute and long-term treatment after a cancerassociated VTE and only recommend vena cava filters if other treatments are contraindicated.
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APPENDICES Appendix A: Coding algorithms
Comorbidities not included in Charlson comorbidity index (ICD-9-CM codes): 
